NASA Technical Memorandum 78676 


{14S J-TH-78676) CCSCCBDE SCISB-ISEOCEO 178-20919 

EOILCIS^; VIBBITZCIS, JCHB F. REBBEBY 
TrTEFEA' ICWAl ; *5<3E1 I1RSR) 67 p HC A04/EF 
X01 CSCL 20 » Onclas 

G3/71 11899 


CONCORDE NOISE-INDUCED BUILDING VIBRATIONS 
JOHN F. KENNEDY INTERNATIONAL AIRPORT 
REPORT NUMBER 2 


STAFF-LANGLEY RESEARCH CENTER 


FEBRUARY 1978 


IW\SA 

National Aeronautics and 
Space Administration 

Langley Reeee roh Canter 

Hampton. Virginia 23665 




CONCORDE NOISE-INDUCED BUILDING VIBRATIONS 
JOHN F. KENNEDY INTERNATIONAL AIRPORT 
REPORT NUMBER 2 

By Staff -Lang ley Research Center* 

SUMMARY 

The NASA, In cooperation with the FAA, made Measurements of noise-induced 
building vibrations In the vicinity of John F. Kennedy International Airport on 
January 18-19 and on February 3-5, 1978, as part of the Concorde Monitoring 
program. The purpose of these studies was to expand the data base developed 
at Dulles International Airport during tne early Months of Concorde operations 
by obtaining aircraft noise and building vibration data on typical residential 
structures In the New York area. The outdoor/ indoor noise levels and 
associated vibration levels resulting f row aircraft and nonaircraft events were 
recorded at eight homesltes and a school. In addition, limited subjective tests 
were conducted to examine the human detection/annoyance thresholds for building 
vibration and rattle caused by aircraft noise. A description of the test plan 
and procedures along with sample data were presented in reference 1. Presented 
herein are the majority of the window and wall vibration data recorded during 
Concorde and subsonic aircraft overflights. Analyses of the data are 
continuing and additional results, including building response to nonaircraft 
events, will be presented in follow-on reports. 
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INTRODUCTION 


Measurements of aircraft noise-induced building vibrations are being 
conducted by the NASA as part of the 007/FAA Monitoring program to assess the 
environmental Impact of Concorde operations at JFK (refs. 1 and 2). The 
purpose of this element of the monitoring program Is to make a comparative 
assessment of the building response resulting from Concorde, subsonic aircraft, 
and nonaircraft events. 

The approach being fol lowed In the assessment of Concorde noise-induced 
building vibrations Involves the following steps: (1) the measurement of the 
vibratory response of selected buildings; (2) the development of functional 
relationships ("signatures") between the vibration response of building 
elements and the outdoor and/or Indoor noise levels associated with events of 
Interest: and (3) the comparison of Concorde Induced response with the response 
associated with other aircraft as well as common domestic events and/or criteria. 
This approach was followed by NASA in making measurements In the vicinity of 
Dulles International Airport during the early months of Concorde operations, 
ttoise and vibration measurements were made at Sully Plantation, an historic 
site located near Dulles, and at three homes in Montgomery County, Maryland, 
where residents had complained of building vibration. The results of these 
studies were published in references 3 through 6. The JFK studies are directed 
at expanding the data base developed at Dulles by obtaining aircraft noise and 
vibration data on typical residential structures for both takeoff ..id approach 
operations and, secondly, to explore in some detail human response to building 
vibration and rattle. This latter issue requires that the physical measurements 
be augmented by subjective tests to determine the l?vel of noise and/or vibration 
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required to produce perceptible vibration and rattle and to determine. If 
possible, the degree of annoyance associated with perceptible building response. 
The subjective tests are exploratory In nature since neither the way In which 
a person perceives vibration (for example, tactile, whole body, visual) nor the 
dominant building stimulus elements (for example, floor, window, wall) have 
been studied In any detail for human response to building vibrations. 

A description of the test plan and test procedures for acquiring both 
physical and subjective data, along with sample data recorded on a window at 
one test site, were presented In reference 1 to Illustrate the data reduction/ 
analysis procedures and to Indicate preliminary findings In the JFK area. This 
report presents the majority of the window and wall response data recorded for 
Concorde and subscnlc overflights during the January and February test periods. 
Fol1ow>on monthly leports will present additional data from these tests as well 
as results from additional data analyses including buildinq response to 
nonaircraft events. 


TEST SITES 

The test sites for the January and February studies were located in the 
communities of Cedarhursl, lnwood, Rosedale, and Belle Harbor which are shown 
on the map, figure 1. The approximate locations of the houses relative to the 
main runways at JFK are shown in figure 2. Test sites 1, 3, and 6 were 
monitored on January 18, 1978, during landing operations on runway 31 R, whereas 
test sites 9, 10, and 11 were monitored on January 19, 1978, for Concorde 
landings on runway 31R and subsinic departure operat.ons on runway 04R. 
Additional measurements were obtained at test site 11 on February 3, 1978, and 
at test sites 2 and 11 on February 4, 1978, during landing operations on 31R. 
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Test sites 4 end 5 were Monitored on February 5, 1978* for Concorde landing 
end takeoff operations on runway 31 R and 311 and for subsonic operations. In 
addition* several vr aircraft events were recorded at each house Including 
walking* jogging In place* dropping a book, closing doors and windows, etc. 

The houses were selected frow homeowners who had volunteered to 
participate In this pht >e of the assessment prog ran. The houses represent 
a range of construction typical of the neighborhoods surrounding the airport. 
The roon selection In a particular house was based on Information provided by 
the homeowner concerning maximum noise and/or vibration exposure to aircraft 
flyovers. Accelerometers typically were located on a window, wall, and on the 
floor, and microphones were located both In the test room and outside the house. 
A plan-view sketch of the houses and Instrument locations are provided In 
figure 3. 


DATA ACQUISITION AND PROCEDURES 
Instrumentation 

Acoustic measurements of both interior and exterior sound pressure levels 
were recorded with special low-frequency response microphones used for the 
Interior measurements. Vibration data were obtained from piezoelectric crystal 
accelerometers mounted on the window and from more sensitive, but heavier, 
servoaccelerometers mounted on the wall and the floor. (The mass of the servo- 
accelerometers precluded their use on the windows.) The floor measurements 
consisted of the vertical and horizontal acceleration imparted to a 50 kg 
(110 lb) cement block which was placed in the center of the room to simulate the 
loading of a person. All data were recorded on analog FM tape for subsequent 
analysis. 
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Frequency Response find Celebration 

Extensive pretest documentation of all Items of the acquisition systems 
mas performed to Include frequency response, deviation linearities, gain 
accuracies, and dynamic range. Dally calibrations In the field consisted of 
pink noise (exhibiting flat 1/3-octave band spectnan l*»vel) Insertion In all 
microphone channels, a fixed sine wave reference voltage Insertion Into the 
accelerometer channels as well as a 1 g static calibration of the servo- 
accelerometers, and a 250 Hz piston-phone acoustic calibration of the microphone 
systems during pretest and posttest periods. Frequency response of the acoustic 
channels was nominally ± 1 dB over the range 5 Hz to 10 kHz for the exterior 
measurement systems and 1.5 Hz to 10 kHz for the lower frequency Interior 
measurement systems. The accelerometer channel frequency response extended 
from dc to approximately 1 kHz for the servoaccelerometers and from 3 i to 
in excess of 3 kHz for the piezoelectrir type. Amplitude response for both 
systems was nominally ± 1/2 dB over the applicable frequency range. 

Test Procedures 

Aircraft control tower conmuni cations were monitored and aircraft spotters 
were located near each test house to identify aircraft as well as to control 
and coordinate data acquisition. Time code was recorded at each test house to 
provide a common time base for use in subsequent analysis of the data. Radio 
communications were used to obtain time syr^nronization between houses and for 
data acquisition control and calibrations at each test house. 

Subjective tests were conducted utilizing members of the NASA concorde 
monitoring team and residents of a particular te-t site. The members or the 
monitoring team participated at each house whereas the resident subjects 
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participated only at their own hone. The subjective test sessions were 
approximately 1 hour In length and were scheduled to Include one or more 
Concorde operations at each house although this was not always possible due 
to variations In Concorde schedules. The subject Instructions, rating forms, 
and test procedures are described In reference 1 . 

RESULTS 

Scope 

Over one hundred and fifty residents of the JFK area who had complained of 
aircraft noise and resulting building vibrations were asked If they would 
permit vibration measurements to be made in their homes. Almost all of them 
declined, however, measurements were made at 9 of 15 sites where permission 
vms granted. (Severe snowstorm activity which forced the closing of JFK 
airport prohibited the acquisition of data at 6 of the 15 available test 
sites.) Noise-Induced vibration measurements were made on such structural 
elements as walls, windows, and floors of nine test sites, which consisted of 
eight residential structures and a high school. During the 4 days of testing, 
five of the nine test sites experienced overflights, with the remaining four 
sites experiencing noise from ground operations and fairly distant flight 
trajectories. Some of the direct overflight data have already been presented 
(ref. 1); this report presents the remainder of the data acquired at the test 
sites which experienced direct overflights. 4 total of 113 'lyovers were 
recorded at these sites. Data are presented which illustrate the relationship 
between vibration level and sound pressure level at several test sites. Peak 
levels of noise and vibration are also presented. 
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Analysis Procedure 

Two channels of noise data (Inside and outside) and four channels of 


vibration data (window, wall, vertical floor, and horizontal floor) were 
recorded on FM magnetic tape and later played back Into a multichannel, true 
rms logarithmic digital voltmeter. The voltmeter sampled the data and performed 
the analog-to-digital conversion and averaging tasks necessary to convert these 
signals to overall levels suitable for digital processing. Overall (unweighted) 
noise and vibration levels were obtained In this way for each flyover. The 
voltmeter was Interfaced to a digital computer which, with Its associated 
peripherals, corrected the raw data for changes In gain settings and calibration 
levels and provided a printed time history for each flyover, listing the overall 
levels of noise and vibration for each of the six data channels at 1/2-second 
intervals. These data were then recorded on digital magnetic tape for 
subsequent analysis. 


Discussion of Results 

Data are presented in the form of tabulated values of peak overall outside 
sound pressure level and peak acceleration level for the windows and walls of 
several test sites in Tables I - 1 V . Data are also presented in the form of vibra- 
tion/noise "signatures," which illustrate how vibration levels vary with outdoor 
noise level for different structural elements. Included in the Appendix of this 
report are composite vibration/noise signatures for several aircraft types 
measured at each of the test sites for \ 'ich aircraft flyovers were recorded. 

The small spread in the data which comprise the signatures in the Appendix 
suggests relatively little variation from flyover to flyover in the relation- 
ship between structural response and outside noise level for a given aircraft 
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type. Therefore, composite signatures are used Insteed of single -event 
signatures *r the Inter-aircraft response comparisons made In this report. 

The composite response signatures of the Appendix are overlaid in figures 4 
and 5 to facilitate Inter-aircraft comparisons. (To avoid the confusion wMch 
would be caused by including all of the data points on the figures, only 
Concorde data points are included.) Figures 4 and 5 Indicate that the vibration 
response signature for Concorde Is not markedly different from the response 
signatures of any of the conventional aircraft tested. That Is, the difference 
between the Concorde signature and the signature of any other aircraft Is 
generally no greater than signature differences among conventional aircraft. 

This suggests that conventional aircraft are generally as efficient in exciting 
building response as the Concorde under similar flight conditions. Relatively 
high levels of building vibration which may be measured during Concorde over- 
flights are, therefore, attributed more to relatively high OASPL levels than to 
unique Concorde-source characteristics. 

Most of the overflights recorded near JFK were approaches. A small number 
of takeoffs were recorded at site 4. The composite response signatures for 
these takeoffs are included in figures 4 and 5. These figures show that the 
takeoff response signatures do not vary significantly from the approach 
signatures, which suyj.sts that the source differences between takeoff and 
approach power conditions were not large enough to significantly affect the 
vibration response of the structure. 

The range of wall acceleration magnitudes at site 2 was too small to 
reliably determine the wall vibration response signatures at that site. (Site 
2 was a high $ch\ 1 with massive masonry walls.) Wall response signatures for 
site 2 are, therefore, omitted from figure 5. 
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Subjective Test Results 

Subjective response tests of vibration, rattle, and noise included both 
Concorde and a variety of subsonic aircraft operations. The subjective tests 
were designed to obtain vibration and rattle detection thresholds; vibration, 
rattle, and noise annoyance thresholds; and an overall annoyance rating of each 
aircraft noise event. The data are currently being analyzed to correlate with 
the physical measures to establish detection and annoyance thresholds. Both 
vibration and rattle were detected in several houses for some operations of both 
the Concorde and subsonic aircraft. 

CONCLUDING REMARKS 

Physical and subjective data were acquired at eight residential sites and 
a school near v^K international Airport during January and February 1978, for 
Concorde, subsonic aircraft, and nonaircraft events. This report presents the 
majority of the noise and structural vibration data acqui.ed at these test sites 
during overflights of Concorde and subsonic aircraft. Results of the data 
analyzed to date suggest the following: 

o Both building vibration and rattle can be detected subjectively under 
certain conditions for operations of both the Concorde and subsonic aircraft. 

o The relationship between the vibration of directly exposed structural 
elements and aircraft noise is: 

- linear, with vibration levels being directly proportional to OASPl 
levels measured near the structure 

• consistent from flyover to flyover for a given aircraft type 

^Threshold is defined as a positive rating by 50 percent of the subjects. 


9 



• the sene for Concorde and conventional jet transports 

• the sane for approach and takeoff operations 

o Relatively high levels of structural vibration which nay be measured 
during Concorde operations are due to higher QASPL levels than to unique 
Concorde-source characteristics. 

Follow-on reports will contain additional data and the results of further 
data analyses. 
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Figure 3(g). - Plan view sketch of test structure 9. 
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Figure 4(a).- Composite window vibration n ires for Concorde and 

subsonic aircraft approaches ai c. Data points are for Concorde 



ACCELERATION. DB RE 1 MICRO- 

TO OC 1C.CC -30. CC >00.00 



Figure 4(b).- Composite window vibration response signatures for Concorde and 

subsonic aircraft approaches at site 3. Data points are for Concorde. 
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Figure 4^c).- Composite window vibration response signatures for Concorde and 

subsonic aircraft flyovers at site 4. Data points are for Concord. 
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Figure 5(a).- Composite wall vibration response signatures for Concorde and subsonic 
aircraft approaches at site 3. Data points are for Concorde. 
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Figure 5(b).- Composite wall vibration response signatures for Concorde and subsonic 
aircraft flyovers at site 4. Data points are for Concorde. 




Figure 5(c).- Composite wall vloratlon response signatures for Concorde and subsonic 
aircraft approaches at site 11. Data points are for Concorde. 



APPENDIX 


STRUCTURAL RESPONSE SIGNATURES 

This appendix contains figures which Illustrate how structural vibration 
levels vary with sound pressure level for a given aircraft type at a given site. 
Most of the figures are composite "signatures/ comprised of wore than one 
flyover of a give) aircraft type at a given site. These signatures describe 
direct overflights of aircraft at the test site; responses due to sideline noise 
or ground operations are not Include! here. Care was taken to Include In each 
figure only those data points for wh! :h the outdoor microphone and the 
structural element under Investigation were exposed to the sane sound fields. 
Thus, effects due to differential loading of the microphones and the accelero- 
meters (shadow effects, for example) were screened from the analysis. 

The best straight line fitting the data in each figure was determined by 
linear regression techniques. These straight lines are overlaid In the main 
body of the text to facilitate inter-aircraft comparisons at a given site. 
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Figure A-2.- Composite window vibration response signature for B747 
approach at site 2 (1 flyover). 
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Figure A-4.- Composite window vibration response signature for DC-8 
takeoff at site 2 (1 flyover). 
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Figure A-5.- Composite window vibration response signature fo, DC-9 
approach at site 2 (1 flyover). 
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Figure A-6.- Composite window vibration response signature for SST 

„ approach at site 4 (1 flyover). 
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Figure A-7.- Composite window vibration response signature for B747 
takeoff at site 4 (4 flyovers). 
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Figure A-8.- Composite window vibration response signature for DC-10 

takeoff at site 4 (2 flyovers). 
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Figure A-9.- Composite window vibration response signature for B707 
approach at site 4 (4 flyovers). 
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Fi 9 uie A- 10. - Composite window vibration response signature for B727 
takeoff at site 4 (1 ftvover). 


44 



RCCELERRT I ON » D8 RE 1 MICRO-G 

t'-.nn 13.0c %g.sa sa.oc soc.oo no >00 ico.oo 


1 



fes.oa ftg.ac :o-OC is .03 ks.os <30 .sc 

S p L # Ob RE 2C Ml CROPfiSCPLS 


— 1 

ns .sc 


1C3-SS 


Figure A-11.- Composite windo<- vibracion response signature for DC-9 
aporoach at site 4 {] flyover}. 


45 



. ACCELERATION . 08 RE 1 MICRO-G 

Vi 30 TO. 33 90. SO 90.30 100 00 UO-OO >20.00 


§/ 

F 



73. u 3 i;. . 01 ; w-vv :»■ w j 

SFL , 08 RE 20 MICROFRSCGLS 


Figure A-12.- Composite wail vibration response signature for SSI 
approach at site 4 (1 flyover). 
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figure A-13.- Composite wall vibration response signature for B747 
takeoff at site 4 (2 flyovers). 
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Figure A-16.- Composite wall vibration response signature for B727 
takeoff at site 4 (1 flyover). 
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Figure A-l 9. - Composite window vibr 
approach at site VI ( 










Figure A-20. - Composite window vibration response siqnature for DC-10 
auproach at site 11 (4 flyovers) . 
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Figure A-21 Composite window vibration response signature for LI 01 ] 
approach at site 11 (3 flyovers'. 
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Figure A-25.- Composite window vibration response signature for DC-*! 
aoproaci. at site U (3 flyovers). 
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Figure A-27.- Composite wall vibration response signature for B747 
approach at site 11 (9 flyovers). 
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Figure A- 33.- Composite wall vibration response signature for DC-9 
approach at site 11 (2 flyovers). 


67 



1, Wtpor* Ne. 

Technical Memorandum 78676 


2, Gavwnermm Acem &>n No. 


4. fitl* *>d Sobtifl* 


CONCORDE NOISE-INDUCED BUILDING VIBRATIONS 
JOHN F. KENNEDY INTERNATIONAL AIRPORT 
REPORT NUMBER 1 


1. Author)*) 

Staff-Langley Research Center* 


9. Perfoi m,og 0r9#ni»lion Nirnt ,nd Addfnat 

NASA Langley Research Center 
Hampton, VA 23665 


12. Spomoring A jeney Ham md Address 


National Aeronautics and Space Administration 
Washington, DC 20546 


IS. Notes 


3. c»t*tog no. 


5 . fitport D*tt 

February 1978 

6. Performing OrgmaKtoo Coda 


8 Performing Orgm.imor Report Ho. 


10 Work Unit No. 

S 0S-09-1 3-11 

II. Cw*ct or Gunt No. 


13. Type ol 3-por. ynd Pwiot? Cneerta 

Technical Memorandum 
!4 Sponsoring -Ageocy Code 


*ANRD 4 IRO *0SQ *Sf IPD 

W. H. Mayes, D. G. Stephens , H, K, Holmes B. G. Holliday P. W. Ward 

R. Deloach, J. M. Cawthorn R. B. Lewis W. T, Miller 

18. AOstr.ct .... * ' " 

The NASA, in cooperation with the FA A, made measurements of noise-induced building 
vibrations near John F, Kennedy International Airport on January 18-19 and on 
febm.ry 3-5, 1978, as part of the Concorde monitoring program. The outdoor and indoor 
noise levels resulting from aircraft flyovers and certain nonaircraft events were 
recorded at eight homes ites and a school along with the associated vibration levels ; 
in the walls, windows, and floors of these test sites. In addition, limited subjective! 
tests were conducted to examine the human detection and annoyance thresholds for 
building vibration and rattle caused by aircraft noise. The following results are 
offered; 

o Both vibration and rattle were detected subjectively n several houses for somej 
operations of both the Concorde and subsonic aircraft. 

o The elationship between structural vibration and aircraft noise is: j 

- linear, with vibration levels being accurately predicted from 0A5PL levels j 

measured near the structure j 

- consistent from flyover to flyover for a given aircraft type j 

- the same for approach and departure operations 

- the same for Concorde and conventional jet transports 

o Relatively high levels of structural vibration measured during Concorde 
operations ai e due more to higher OASPL levels than to unique Concorde-source 
characteristics. 


Follow-on reports will contain the results of further analyses of the data currently 
in progress. 


: 1?. Key Wordi by Author ft M 

lia - " 1,1lLl - ' * 

18 Distribution Statement 

_ — — i — _ 

Noise, Building Vibrations, 
Structural Response to Noise 

Unclassified 



71 

Uni imited 


19. Sfaxity Oitttt iof th.» report! 

Unclassified 

20. Security Clttvl (of &*§*} 

Unclassified 

2) No, of Rage, 

67 

22 *>«' 

$5,25 


fu sale by ite national Technical Inlot mat ion Set vice Sprmglieid Virginia 2216) 

















